Objective: Biebersteinia multifida DC is from Geraniaceae family and it is used for the treatment of skeletonmuscle disorders and rehabilitating bone fractures. In this study, three extraction methods were applied for a comparative investigation about essential oils of Biebersteinia multifida DC.
INTRODUCTION

Biebersteinia is a genus from Geraniaceae family, and one of endemic species in Iran is
Biebersteinia multifida DC that in Persian is called Adamak (1) .This plant is used for the treatment of skeleton-muscle disorders and rehabilitating bone fractures (2) . Also the analgesic activity was shown from roots of plant (3) . The anti-inflammatory and antinociceptive effects from roots of Biebersteinia multifida have been shown (3) . Biebersteinia multifida DC Can reduce the level of Cholesterol (4) . From this plant, alkaloids (5), flavonoids (6) , essential oil and polysaccharides were isolated (7) . Essential oils are natural products obtained from plants and they are found in medicinal plants and they are used for medicinal, fragrances, flavors and insect repellents purposes (8) .
Many methods can be used for extraction of essential oils such as Steam distillation, hydro-distillation, Supercritical fluid extraction, solvent extraction and direct thermal desorption (9) . The steam and hydro-distillation methods are traditional and simple techniques for essential oils but they have some problems such as chemical modifications of the oil compounds by temperatures and a loss of volatile compounds (10) . Solvent extraction method overcomes the problems of hydro-distillation, but it has the major disadvantage; a product with solvent and a loss of the volatile components are the result of this method (11) . Microwave extraction is affected by duration of microwave radiation, power of microwave, type of solvent, particle size of sample, temperature (12) . The advantage of microwave method is for quicker times of extraction. Also this method is safe and cheap for extracting essential oil and does not require samples devoid of water (13) . So the purpose of this work was to study the components of essential oil from Biebersteinia multifida DC obtained by microwave-assisted hydro-distillation, as compared with the normal hydro-distillation and solvent extraction.
MATERIALS AND METHODS
Materials
N-hexanol (99.6%, Merck), Hexadecanoic acid (76119, Fluka), Nerolidol (18143, analytical standard, Fluka), Phytol (W502200, ≥97%, Sigma Aldrich) and 6, 10, 14-trimethyl-2-pentadecanone (46195, Sigma Aldrich) were used as the four standards in essential oil of B. 
multifida.
Preparation of
Hydro-distillation
50 g of dried plant was covered with 0.5 L of distilled water using a Clevenger. The extraction was done for 3 h and three times. The essential oil was dried with anhydrous sodium sulphate, and kept in refrigerator at 4 °C for GC-MS analysis (15) .
Solvent extraction
50 g of dried plant was macerated in 0. 5 L of hexan solvent at room temperature for 48 h.
Removal of the solvent under vacuum at 40 °C gave the crude extract (16) .
Microwave Extraction
Microwave Extraction was performed at atmospheric pressure with 2450 MHz using a household microwave oven; which was mechanically modified to perform the hydro-distillation .Output power of Microwave was 800 W and input power of it was 1200W, the voltage supply of it was 230 volt and dimensions of the oven cavity were 206mm (H) x 300mm (W) x 302mm (D), with total capacity. Fifty gram of dried plant was mixed with 300 mL of distilled water (17). The condensation was done with a column that cooled with water. Microwave Extraction was done at 1 kW for 100 min in atmospheric pressure. Experiment was done triplicate and the essential oil was kept in a refrigerator at 4 °C to GC-MS analysis. The extraction yield (Y) was determined using Eq. (1).
Y=
(1)
GC-FID analysis
GC-FID analysis was done with a Schimadzu system by DB-5 column (30 m, 0.25 mm, 0.25 µm). Helium with flow rate 0.9 mL/min was used as the carrier gas. Volume for sample injection was 2µL. For obtain the calibration curves, several concentrations of Hexadecanoic acid, Phytol, 6, 10, 14-trimethyl-2-pentadecanone and Nerolidol were injected into the GC-FID and the amounts of them were obtained by calculating the area of the peaks divided by the area of nhexanol (internal standard) (As/Ais) (18). The extraction yield (Y) was obtained with Eq. (2).
Y= (2)
GC/MS analysis
This analysis was done with a Shimadzu-QP2010SE (70 eV ionization energy). Acquisition mass range was 35-300 and scan time was 0.5 s/scan. The retention indices were determined using by N-alkanes as standard (19). 
RESULTS
Microwave extraction efficiency was 1.41 and 1.52 times higher than Hydro-distillation and solvent extraction methods respectively. The extraction time for solvent extraction was more than other methods; this time was 72 h for solvent extraction, 360 min for hydro-distillation and 98.60 min for microwave method, so microwave method is better than two other methods because this method can reduce the time of extraction. The gas chromatograms of the essential oils from three methods are presented in Figs 1-3 . Chemical compositions and their amounts are shown in Table 1 .
As shown in Table 1 Mandenol (17.17%) and n-Heptacosane (10.23%).
DISCUSSION
As it was shown in Table 1 , oxygenated components such as (E)-Nerolidol, phytol and 
